A remarkable feature of the thermosalient effect in 1,2,4,5-tetrabromobenzene was observed for a crystals mounted with oil onto a micro-mesh sample holder. This is that the mechanical response (crystal disappearing from holder) and the structural phase transition (the change in the crystal structure) were well separated in time at a fixed temperature, or in temperature on continuous heating. The phase transition clearly preceded crystal jumping from the holder, and loss of the crystal from the holder was not observed at the moment of the phase transition. Similar behaviour was observed for ferrocene: the crystal disintegration and the phase transition on cooling were shown to be two separate phenomena. For ferrocene, disintegration could not be repeated even after powder had been heated to ambient temperature (J. S. Bodenheimer and W. Low, Phys. Lett. A, 1971, 36, 253-254). A crystal "locked" in a capillary with oil for a diffraction experiment cannot jump. A crystal in a holder does jump, but it is only very rarely that after this jump at least a part of the crystal still remains on the holder, accessible for structure determination. The changes in lattice parameters of all tested crystals of 1,2,4,5-tetrabromobenzene vs. temperature are plotted in Figure S1 . In our experiments crystal disappearing from crystal holder occurred only for one crystal. Apart from that presented in the main text, another possible explanation of crystal disappearing from a MiTiGen holder during a single-crystal X-ray diffraction experiment after the phase transition has been observed is sublimation. We cannot exclude this option completely, since we did not see the moments when the crystals disappeared. However, we note that this explanation is unlikely. No notable and consistent decay in the reflection intensities was observed at a fixed temperature, before a crystal disappeared. Besides, it seems unlikely that a crystal would completely disappear because of sublimation at 313 K when covered by oil, but not even at 343 K when placed inside an open capillary.
. Dependence of the 1,2,4,5-tetrabromobenzene lattice parameters on temperature (experiment with crystal fixed in capillary -squares, experiment with crystals fixed at micro-mesh sample holder -circles and triangles, respectively)
CONVERGENCE TESTING FOR DFT CALCULATIONS
To ensure accuracy of the theoretical model, it is imperative to ensure sufficient sampling of the Brillouin zone is used. To test convergence of k-space, single point energy calculations were performed using a cut-off energy of 900 eV with norm-conserving pseudopotentials, Figure S2 . It has been previously suggested that a spacing of 0.08 Å -1 is generally acceptable for structural optimisation (J. Binns, M. R. Healy, S. Parsons and C. A. Morrison, Acta Cryst. B., 2014, 70, 259-267.) as is seen here with a ΔE/ion of < 1meV at this spacing. However, to ensure accurate phonon calculations, notably tighter convergence is required. For convergence testing of the kinetic energy cut-off, the converged k-point grid (522) was used, Figure S2 . 
SYMMETRY ADAPTED PERTURBATION THEORY CALCULATIONS
Within symmetry adapted perturbation theory (SAPT), the total interaction energy can be written as
Here, the total interaction energy (E IE ) is given by expansion of the polarisation term (typically attractive), E pol , and the exchange term (typically repulsive), E exch . The latter is due to the antisymmetrization of the wavefunction. These terms are expanded across the order of intermolecular potential, n, and intramonomer electron correlation, k and l. The SAPT0 method treats each interacting monomer within the Hartree-Fock level and adds explicit dispersion terms, which result from second order perturbation theory. This is added to the electrostatic, exchange and induction terms. SAPT0 can therefore be thought of as largely analogous to an MP2-type calculation, with interaction energy for SAPT0 given as,
Thus, the energy is broken into traditional electrostatic (E elst ), exchange (E exch ), inductive (E ind ) and dispersion (E disp ) interaction energies. In the above, E (v,w) represent the interaction energy at perturbation level v=n, with w=k+l. A complete description can be found elsewhere (Parker et al JCP, 140, 2014) . Within the sSAPT method, employed here, the exchange term is scaled based on empirically-fitted scaling coefficients (Lao and Herbert, JPC A 116, 3042, 2012) , and has been shown to provide excellent results for calculated energies (Parker et al JCP 140, 2014) .
In the present manuscript, three dimers were extracted from the unit cell, corresponding to the π-π stacking interaction (dimer 1-2, Figure 2 in main text), and two unique Br…Br / Br…H contacts (dimers 2-3 and 3-4, Figure 2 in main text). The complete energy decomposition using sSAPT0 /jun-cc-pVDZ is give in Tables S1-S3 for dimer 1-2, dimer 2-3 and dimer 3-4, respectively. Table S1 : sSAPT0/jun-cc-pVDZ energy decomposition for dimer 1-2, the π-π stacking interaction, as a function of temperature. The electrostatic (E elst ), exchange (E exch ), inductive (E ind ) and dispersion (E disp ).
The total energy is also given, . All energies are given in KJ.mol -1 . 
LOBSTER COHP CALCULATIONS
The crystal orbital Hamiltonian population (COHP) offers a means to weight the electronic density of states by the overlap Hamiltonian element. Thus, it offers a measure of the nature and strength of the overlap population. When projected over atomic contributions (pCOHP), this method allows assessment of the covalent character shared between select atom pairs. By integrating the pCOHP up to the Fermi energy (eF), a measure of the covalent bond strength can therefore be obtained. This has been done for all intermolecular Br…Br and Br…H contacts at points immediately before and after the phase transition, Table S4 . 
Comparison of Experimental and Theoretical Vibrational Frequencies
To ensure accuracy of the theoretical model used in this work, calculated Raman frequencies were compared to newly collected single crystal Raman spectra, Figure S3 , as well as literature Raman data (K. White and Eckhardt, J. Chem. Phys., 1998, 109, 208-213) Excellent agreement is found between both experimental spectra and the calculated frequencies, Table S5 . Thus, it is apparent that the DFT model employed here represents an accurate description of the Brillouin zone-centre. In contrast to the present work, earlier reports of the Raman spectra of TBB under ambient conditions do not discuss the presence of a Raman active band at ca 100 cm -1 , or at ca 400 cm -1 . Indeed, calculations based on the harmonic approximation also suggests that these bands should not be present. The presence of these bands in the spectrum presented in this work can therefore be attributed to overtone modes.
Given the excellent agreement between experimental and calculated Raman spectra, the vibrational frequencies across all temperature points were calculated, Table S6 . The phase transition is met with marked shift in the low frequency vibrational structure. However, there is little change associated with the eigenvectors in each polymorph, with 8 of the 11 low frequency modes mapping directly from one phase to other (albeit at notably different frequencies), Table S7 . 
TEMPERATURE VARIATION OF VIBRATIONAL FREQUENCIES IN β-AND γ-TBB
The vibrational response to heating of β-TBB is complex¸ Figure S4 . All modes are seen to initially soften between 273 K and 283 K, in agreement with discontinuities in pairwise interaction energies. Very many of these modes, however, continue to soften only until 293 K, before suddenly hardening by 303 K. Only three modes 9, 11 and 14, are seen to soften monotonically towards the phase transition. Table S6 .
On further heating beyond the phase transition, the vibrational frequencies display a more typical response to thermal expansion. That is, nearly all modes are found to soften with increasing temperature, Figures S5. Figure S5 : Variation in low frequency γ-TBB zone-centre vibrational frequencies as a function of temperature. Modes are labelled according to mode number according to Table S6 .
Eigenvectors of Notable Normal Modes
While the majority of low frequency modes are seen to first soften, before hardening at the phase transition temperature, Figure S4 , this effect is largest for the Au mode [32.12 cm -1 T=303 K] that corresponds to translation of π-stacked columns, Figure S6 Only three vibrational modes are found to monotonically soften towards the phase transition on heating, Figure S4 . These correspond to two rocking modes, and a translation, Figure S7 . Figure S7c , has a net displacement vector associated with it, Figure S8 . Figure S8 : Net displacement direction yellow arrow of the Bu soft mode in the β-TBB lattice.
Across the phase transition, only three modes are found not to be conserved, Figure S9 . While the symmetry of these modes is obviously conserved, the main polarisation of their eigenvectors shifts drastically, and is likely responsible for immense build-up of stress at domain interfaces. Figure S9 : Eigenvectors of the non-mapped normal coordinates across the TBB phase transition. Mode symmetry and associated vibrational frequency are shown. Arrows indicate direction of atomic displacement.
